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Abstract — There is considered the thermistor imple-
mentation in the automatic temperature control system of
secondary voltage standard of Ukraine. High sensitivity and
resistance of thermistor allows decreasing the self-heating of
the sensor to the negligible quantity. The significant drift of
the thermistors is proposed to correct by its testing and
calibration using reference RTD in the same system. The
intercalibration time is proposed to increase by using ther-
mistor’s conversion characteristics prediction methodology
based on artificial neural networks. There is described the
general structure of proposed automatic temperature control
system and evaluated its error.
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1. INTRODUCTION

The secondary voltage standard of Ukraine is
based on three Weston Standard Cells (WSC) X489.
Each of them includes four shells of WSC X482.
These WSCs should provide reproducing of voltage
emf with allowable deviation not more than
Agpop £10,64V  (£6x10-5 % / year). These re-

quirements could be provided in the following condi-
tions: (i) shells of WSC X482 should be isolated of
environments influence; (ii) the value of emf of sec-
ondary voltage standard is average value of tens’ emf
of WSC X482 which are inside of secondary voltage
standard and two WSCs with maximum deviation of
the emf in comparison with previous are not included
in output value. It is logical to use WSC instead of
reference devices based on Josefson effect on this
level of testing pyramid. It is connected with large
price of cryogenic and high-frequency equipment for
these devices. Besides the secondary voltage standard
based on WSC is easy in exploitation and has less
installation and ready to use time in comparison with
standards based on Josefson effect [1].

The main physical quantities which influence the
emf of WSC are as following: environment tempera-
ture, speed of its variation, gradient of temperature
between bends of WSC. The secondary voltage stan-
dard is in the thermostable room and in addition each

X489 WSC has own high quality three level thermo-
stat (Fig.1). Shells HE1...HE4 of WSC X482 are
included into each WSC X489. They are situated in
the slots of aluminium thermosnap of cube shape 1.
This module and foam plastic thermosnap 2 are inside
contour of passive thermostat. The main task of this
contour is decreasing of the influence of temperature
variation and gradient of temperature field between
legs of shells on the emf of WSCs. These variation
and gradient are caused by imperfections of second
contour of thermostating. This second contour of
thermostating is active. It is made of six aluminium
plates 3 which forms hollow cube. On the external
side of this cube there are situated plate heaters and
temperature sensors of temperature control system
(two RTD — Pt 100) and layer of foam plastic isolation
4. The temperature of second contour is approximately
30 °C. The external contour of thermostating is also
active. Its structure is the same as structure of second
contour. The temperature of this contour is approxi-
mately 29,5°C. The three level thermostating systems
of WSC X489 and precision temperature controllers
allow providing such operating conditions of shells of
WSC X482 (high stability of operating temperature
and low gradient of temperature field) which are
enough for providing metrology characteristics of
secondary voltage standard.

2. REQUIREMENTS TO THE ACCURACY OF
WSC’S TEMPERATURE CONTROL

It is necessary to make control of current tempera-
ture of WSCs X482 for guaranteeing the required
stability of its temperature and adding correction fac-
tor. Let evaluate required accuracy of temperature
control system of secondary voltage standard. The
allowable deviation of the emf during one year is not
more than Agpop < £0,64V the allowable tempera-

ture error Aqpop should not be more than A_ /3,

therefore Aqpgp <(20,6/3)=0,24V . The individual
temperature error of each WSC X489 should not be
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more than Aqpgp 0,2/ NERS 0,124V . The average
temperature coefficient of emf of shell of WSC X482
is TKE ~ 40 xV/°C , then error of temperature meas-
urement of each WSC X489 should not exceed
Atpopl = Atpopr / TKE = 0,003°C. This value of

temperature measurement error could be provided if
the sensitivity of temperature measurement is

Arsen = 0,001°C .
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Fig.1 Structure of the thermostated WSC X489.

When we use platinum RTD Pt100 as tempera
sensor (temperature  coefficient of resistance
TKR;, #0,4€Q/°C) and digital to analog converter

with sensitivity A =14V, it is necessary to

ADCSEN
provide working current I through the sensor for pro-

viding sensitivity A, = 0,001°C.
I = Appcsen /(TKRrg X Aqseny ) = 2,5mA - (1)

In this case the power which is detected on this
RTD Pt 100 is P=12R~0,7mW . According to [2]
the self heating of RTD Pt 100 on the temperature
Atgy =0,2°C demands power Pgy =10mW . The
power 0,7mW will bring self heating on the tempera-
ture Aqs =Aqsy XP/Pgy ~0,014°C . This error is

systematic for temperature control system and could
be easy corrected but its self heating makes gradient of
temperature field in the zone of shells of WSC X482.
Variation of the gradient of temperature field is
ten times more influential than temperature variation
[3]. Therefore the allowable gradient of temperature

field should not exceed Atgrap =~ 0,0003°C . It means
that effectiveness of the temperature smoothing by
internal passive thermostat should be more than
K =A1s /Argrap =0,014°C/0,0003°C ~47. 1t is
impossible to confirm such value of effectiveness of

thermostat during exploitation of secondary voltage
standard. Simulation modeling, in this case, does not

have good reliability because of complex form and
geterogeneous structure of the thermoshunt.

3. APPROACH TO SELF HEATING DECREASING

As it was indicated above the self heating of the
sensors set ups the problem of current temperature of
secondary voltage standard measurement.

Existed methods of self heating decreasing are
based on using special RTD Pt500 or increasing sensi-
tivity of measurement channel. But existed layer RTD
Pt500 has low stability. Providing better than 14V

sensitivity makes significant difficulties during com-
mutation and analogue to digital conversion. Existed
precision digital thermometers, which could provide
required error and sensitivity, has ImA working cur-
rent of RTD and more, NetDAQ of Fluke [4], RP-
7000 of Franco Corradi [5], and other for example.
Precision thermometers with less than 1 mA working
current of RTD, F300 of AXJI [6], T.T.I.2 of Isotech
[7] for example, has only two channels. Increasing of
channel number demands using external multiplexers
with stray emf not more than 0,1 4V . Besides indi-

cated thermometers has large price and they demand
additional equipment for automation of temperature
control process.

It is proposed to use thermistor as temperature sen-
sor for WSC X489. The high resistance and sensitivity
of the thermistors allows decreasing the self heating of
such sensor. The proposed approach is applied into
digital thermometers type 4350 and 4351 of National
Instruments [8]. But error of these thermometers is
0,03°C . This error is 10 times more than allowable

error. Large error of indicated thermometers is defined
by large drift of thermistor’s conversion characteristic.
Therefore it is proposed to correct of thermistor’s drift
by results of its periodic testing using RTD Pt100. In
this case current will flow through RTD only during
calibration of thermistor. Testing process will be done
when secondary standard is not planed to be used for
several days (on week-end for example). Using results
of testing it is proposed to predict thermistor’s drift for
next intertesting interval. It is logical to use methodol-
ogy based on artificial neural networks developed by
project INTAS-OPEN-97-0606 [9...11].

Let evaluate the error of thermistor’s self heating.
The optimal, from the sensitivity point of view, mode
of the thermistor could be computed according [12].
The comparison of the proposed solution with the
RTD Pt100 will be done for the same conditions —
ADC with voltage sensitivity A apcseny =14V the

required temperature sensitivity Aqggy ~ 0,001°C .
The working current of the thermistor could be com-
puted according to the (1). The working current of the
thermistor with nominal resistance Rpys =~ 10kQ (in
the temperature 30°C) and temperature resistance
coefficient TKRyys = 4 %/°C should be
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A pesen X100%
TKRpys X Reys X Argey

=25uA (D)

ITMS

In this case the power of the thermistor is
Prvs = lws Rrws = 0,64W . Experimental researches

shows that self heating of the thermistor is signifi-
cantly more than self heating of RTD. The power
Prvssy ®15mMW  bring self heating temperature

Amsy = 0,2°C for the KMT-1 type thermistors. In
this case the temperature of self heating of thermistor

it could be seen from presented computation the self
heating temperature and gradient of the temperature
field is the negligible quantity.

4. DEVELOPMENT OF THE TEMPERATURE
CONTROL SYSTEM

There was developed special temperature control
system for application of proposed approach. The
structure of this system is presented on fig. 2. It con-
sists of: precision RTDs Pt 100 — TO1...TO3; ther-
mistors KMT-1 - TMS1...TMS3; reference resistors
RN1, RN2; current setting resistors R1, R2; measure-
ment module. Measurement module consists of: 8-
channel multiplexer based on hermetically sealed
relay RGK-15; analog to digital converter based on
AD7714 chip - ZA ADC of Analog Devices; control-
ler — AT89CS2 of Atmel; reference voltage source
AD780 of Analog Devices. The results of measure-
ment are indicated on LCD -TM161AAC, LEDs and
beeper. Also these results could be transmitted to PC
via RS232C.
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Fig. 2 Structure of temperature control system of sec-
ondary voltage standard.

MC controls the process of resistance measure-
ment of RN2 and thermistors TMSI1...TMS3 by
switching appropriate channels and ADC starting. The
real resistance of thermistors Ryyg could be found as:

RN2x(N;ys —N,)
RTMS = N TMSN 0 (3)
RN2 T No

where NvsoNana-Noo - requis of voltage

measurement on: thermistor, reference resistor RN2

and shorted channel (null setting channel); RN2 — real
value of the resistance of reference resistor RN2.

For increasing of the reliability of the measure-
ment results values Nqyg,Ngya2, Ny are compared

with these values obtained during previous cycle of
measurement. The result of individual neural network
computing of drift correction factor should be added
to Ryys computed according (3). The time interval

from the last calibration of each thermistor is transmit-
ted on the input of neural network. The training proc-
ess of neural network demand significant computing
power therefore it is done by PC. The neural networks
have good prediction properties and it is necessary to
make training rather seldom (once per month). Train-
ing process demands training set which consists of
values of drift of thermistor, obtained during its cali-
bration using RTDs. The request for calibration is
formed by MC by indicating message on LCD after
finishing predicted intercalibration interval. The inter-
calibration interval is computed automatically by
analysis of results of previous calibrations [13]. If the
error of previous prediction is less than 80% of the
allowable error of drift then intercalibration interval is
increased on 20%. In opposite case the intercalibration
interval is decreased on 20%. After sending request on
calibration MC continues its usual work till the opera-
tor allows calibrating. After that MC makes calibra-
tion by switching on current of RTDs TO1...TO3 then
ADC measure voltages of reference resistor RN1 and
RTDs TOLI...TO3. The real values of resistance of
RTDs could be computed by (3). After calibration
finishing MC sends on LCD message of temporary
prohibition of secondary voltage standard exploitation.
Time of this prohibition is two days. Besides MC
sends request to the PC for training neural networks
with simulation models of thermistors drift. There is
used combination of the set of neural networks with
different properties and special method of training set
forming [11, 14] for decreasing number of calibration
results for training prediction neural network.

5. ERROR EVALUATION

Let evaluate the error of temperature control us-
ing the proposed system. This error corresponds to the
error of temperature measurement by thermistor
Aqqys - This error is defined by error of temperature
measurement unit (°C) transmitting from RTD to
thermistor. Therefore it is necessary to evaluate the
error of temperature measurement by RTD - Aqqq . It

can be evaluated as a sum of RTD error - A;g and
error of RTD’s resistance measurement - Agro . There

is no correlation between components of error there-
fore general error (there and below) could be com-
puted as for independent values.

Arro =4ATo +Akro “4)
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The error of RTD is A;q =0,002°C . Resistance
of RTD is defined by replacement method according
(3). Therefore resistance measurement —error
Agro could be evaluated as:

Agro = \/AzRNl +A2MZ +(2XA%/) (5)

where Agy; - error of reference resistor; Ay -
error of replacement method; A,, - error of discretiza-

tion.
In the same time reference resistance error Agy;

relative error -
RTD

than

could be evaluated using its
Orny =0,0005%  and  sensitivity  of
TKRg = 0,4 Q/°C
Spni X RN1
ARNl I P —
100% x TKR;,
method error could be evaluated by equation:

=0,0013°C - The replacement

 2x8yp *(Ryo —RNI)

v = =0,0008°C (6)
(RNIxTKR;,)

where o)yp =0,003% - relative error of meas-

urement device (in this case it is two nonlinearity error
of ADC AD7714 [15]); Ryo =112Q - resistance of
the RTD in the thermostating temperature;
RN1=100Q - resistance of reference resistor RNI1.
Discretization error Ay could be evaluated us-

ing TKR;g #0,4Q/°C and relative discretization
error of 24-bit ADC AD7714 - 6, =0,0001% for 20
significant bits. Therefore
Ay =06y xRqg /(100%xTKRg ) = 0,00025°C .

Substituting Agy;, Apmz and Ay into (5) we
will have error of temperature measurement
Agro #0,0016°C . Than according to (4) we can
evaluate error of temperature measurement by RTD
Ao = 0,0025°C .

After calibration of the thermistor its own error
Atpms Will be differ from Apg only on methodology
error Aqygy of the nonequivalence of the tempera-
tures of RTD and thermistor during calibration.

thermistor is done inside of the three level thermostat
and the thermistor has good thermal contact with RTD
then the methodology error is not more than
Atpsm <0,0005°C . Therefore  Aqyg = 0,0026°C .
However temperature measurement using thermistor
demands additional measurement of resistance of the
thermistor and error of this measurement is A gryg -

Resistance of the thermistor is calculated by (3) there-
fore error of its resistance measurement - Agrys

could be evaluated according to (5)

2 2 2
AgTms :\/ARNz +A\vizrvs + (2xAyrvs) (7

where Apy, - error of reference resistor RN2,

which is used for measurement of the resistance of
thermistor; Ay,,mys - error of the replacement method

of thermistor’s resistance measurement; Ayqys - dis-

cretization error of thermistor’s resistance measure-
ment.
The error of reference resistor Agy, could be

evaluated according its relative error gy, =0,002%
and sensitivity of the thermistor TKRyys ~ 4 %/°C -
Agnz =0gn2 / TKRyys =0,0005°C .
error Ayrys could be evaluated by the same way as

Discretization

for RTD. Thermistors have large sensitivity and the
discretization error is negligible small value. Re-
placement method error could be evaluated according

(6)

A _ 2x0yp X(Rpys —RN2)
METMS RN2xTKRpys

=0,0004°C

where Rpyg =12...14kQ2 - resistance of the

thermistor’s in the thermostating point; RN 2 =10kQ
- resistance of the reference resistor RN2.
Substituting of the Agy,, Apzrvms and Aypys

into (7) we will have error of temperature measure-

error of temperature measurement Aqgy should in-

clude error of drift prediction for the intercalibration
interval Apgrvs ®0,001°C. In  this  case

Atsys =y ATtms +Abrrms ~ 0,003°C . This value is

not more than allowable value.
CONCLUSION

Developed system provides a control of the cur-
rent temperature for secondary voltage standard with
required precision.

Besides the control of temperature the developed
system provides an indication of the following values:
e  Nominal values of emf for all WSCs of the eta-

lon and instability of these emf during last inter-

calibration interval,

. Date of last calibration for secondary voltage
standard and time to next calibration;

. Value of current temperature of WSC X489 and
its maximal instability during last week;

e  Real value of emf for all WSCs accounting tem-
perature correction ;

e  Date of last calibration of thermistors and time
to next calibration of thermistors;
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. Time to beginning of work after calibration of
thermistors.
The developed system also provide light and
sound indication of emergency mode and transmitting
of indicated information to the PC via RS232C.
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